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PDVV�VSHFWURPHWU\�� 2SWLFDO� SURSHUWLHV� �UHIUDFWLRQ�� WUDQVPLWWDQFH� DQG� UHIOHFWLYLW\�� KDYH
EHHQ� PHDVXUHG�� /XPLQHVFHQFH� FKDUDFWHULVWLFV� RI� FU\VWDOV� XQGHU� XOWUDYLROHW�� V\QFKURWURQ�
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$�FRQVLGHUDEOH�LQWHUHVW�LQ�VHDUFK�IRU�QHX�
WULQROHVV� GRXEOH� EHWD� ��Q�E�� GHFD\� >����@� LV
UHODWHG� WR� WKH� UHFHQW� HYLGHQFH� IRU� QHXWULQR
RVFLOODWLRQV� ZKLFK� VWURQJO\� VXJJHVWV� WKDW
QHXWULQRV� KDYH� QRQ]HUR� PDVV�� +RZHYHU�
ZKLOH� RVFLOODWLRQ� H[SHULPHQWV� DUH� VHQVLWLYH
RQO\�WR�WKH�QHXWULQR�PDVV�GLIIHUHQFH��PHDV�

XUHPHQW�RI��Q�E�GHFD\�UDWH�PD\�FRQWULEXWH
WR� WKH� GHWHUPLQDWLRQ� RI� WKH� QDWXUH� RI� QHX�
WULQRV��0DMRUDQD�RU�'LUDF�SDUWLFOH���WKH�QHX�
WULQR�PDVV�VFDOH��DQG�FKHFN�WKH�OHSWRQ�QXP�
EHU�FRQVHUYDWLRQ�ODZ�

���0R� LV�DPRQJ�WKH�PRVW�SURPLVLQJ�FDQ�
GLGDWHV�IRU��E�GHFD\�H[SHULPHQWV�EHFDXVH�RI
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LWV� KLJK� WUDQVLWLRQ� HQHUJ\� �4�E� ������NH9>�@���$V�D�UHVXOW��WKH�FDOFXODWHG�YDOXH�RI�WKH
SKDVH� VSDFH� LQWHJUDO� IRU� WKH� �Q�E� GHFD\� RI
���0R� LV�RQH�RI�WKH�ODUJHVW�DPRQJ����SRVVL�
EOH��E�GHFD\�FDQGLGDWHV��7KHRUHWLFDO�SUHGLF�
WLRQV� IRU� WKH�SURGXFW�RI�KDOI�OLIH�E\�WKH�HI�
IHFWLYH�QHXWULQR�PDVV��7�����PQ����DUH�LQ�WKHUDQJH� RI� ��������� WR� ���������\U�H9�� >�Ü�@�
)URP� WKH� H[SHULPHQWDO� SRLQW� RI� YLHZ�� WKH
ODUJH�4�E� HQHUJ\� LV�DOVR�SUHIHUDEOH� WR�RYHU�FRPH� WKH� EDFNJURXQG� SUREOHPV�� VLQFH� WKH
QDWXUDO� UDGLRDFWLYLW\� EDFNJURXQG� GURSV
VKDUSO\� DERYH� ����� NH9�� WKH� HQHUJ\� RI� J�V
IURP� ���7O� GHFD\� ����7K� IDPLO\��� &RQWULEX�
WLRQ� IURP� FRVPRJHQLF� DFWLYDWLRQ�� LPSRUWDQW
IRU� WKH�QH[W�JHQHUDWLRQ�RI��E�GHFD\�H[SHUL�
PHQWV��DOVR�GHFUHDVHV�DW�KLJKHU�HQHUJLHV�>�@�

$� KLJK� VHQVLWLYLW\� �E� GHFD\� H[SHULPHQW
GHPDQGV�WKH�IROORZLQJ�SURSHUWLHV�RI�VFLQWLO�
ODWLRQ�GHWHFWRUV��KLJK� OLJKW�RXWSXW�� IDVW� UH�
VSRQVH� �PD[LPXP� VHYHUDO� KXQGUHGV� PV��
KLJK� UDGLRSXULW\�� PD[LPXP� FRQFHQWUDWLRQ
RI�LVRWRSH�VWXGLHG��/RZ�GHQVLW\�DQG�=�YDOXH
WKDW�PHDQ� ORZ�GHWHFWLRQ�HIILFLHQF\�RI�EDFN�
JURXQG�J�TXDQWD�DUH�DOVR�SUHIHUDEOH��,I�XVHG
DV� ERORPHWULF� GHWHFWRUV�� FU\VWDOV� VKRXOG
KDYH� GLDPDJQHWLF� SURSHUWLHV� WR� UHDFK� ORZ
WHPSHUDWXUH�UHTXLUHG�E\�WKLV�WHFKQLTXH��7KH
UHTXLUHPHQWV� WR� UDGLRSXULW\� RI� FU\VWDOV� IRU
ERORPHWHUV� DUH� HYHQ� VWURQJHU� GXH� WR� UDWKHU
VORZ� UHVSRQVH� RI� WKHVH� GHWHFWRUV� �ZLGWK� RI
SXOVHV�DW�KDOI�RI�PD[LPXP�LV�DW�WKH�OHYHO�RI
���� V��� $V� D� UHVXOW�� HYHQ� ORZ� HQHUJ\� SURF�
HVVHV� �DV� IRU� LQVWDQFH� EÜ� GHFD\� RI� ���&G� LQ
&G0R2��RU�&G:2���PD\�SURYLGH�GLIILFXOWLHVIRU�D�ERORPHWULF�GHWHFWRU�RSHUDWLRQ��

7KHUH� H[LVW� VHYHUDO� VFLQWLOODWLRQ� FU\VWDOV
FRQWDLQLQJ� PRO\EGHQXP�� 7KH� PRVW� SURPLV�
LQJ�RI�WKHP�WR�VHDUFK�IRU��E�GHFD\�RI����0R
DUH�&D0R2��>�@��&G0R2��>��@��3E0R2��>��@�/L�0R2��>��@��+RZHYHU��DOO�WKH�OLVWHG�VFLQWLO�ODWRUV� KDYH� VRPH� GLVDGYDQWDJHV�� &D0R2�

FRQWDLQV��Q�E�DFWLYH�LVRWRSH���&D�LQ�QDWXUDO
&D� ZLWK� DEXQGDQFH� RI� G� ������� �� >��@�
ZKLFK�FUHDWHV� LUUHPRYDEOH�EDFNJURXQG�LQ�WKH
HQHUJ\� UHJLRQ� RI� ���0R� �E� GHFD\�� &G0R2�FRQWDLQV� EÜ� DFWLYH� ���&G� �G� ����������ZLWK
WKH� KDOI�OLIH� a�������\U��3E0R2�� LV� FRQWDPL�QDWHG� ZLWK� UDGLRDFWLYH� ���3E�� /L�0R2�� KDVORZ�OLJKW�\LHOG�

7KH�SXUSRVH�RI�WKLV�ZRUN�ZDV�WR�GHYHORS
/L�=Q��0R2���� FU\VWDOV�� LQYHVWLJDWLRQ� RI
WKHLU� FRQWDPLQDWLRQ�� VWXG\� RI� RSWLFDO� DQG
OXPLQHVFHQFH� SURSHUWLHV�� ILUVW� WHVW� RI� FU\V�
WDOV� DV� VFLQWLOODWLRQ� DQG� ERORPHWULF� GHWHF�
WRUV��6XFK�D�FU\VWDO�FRQWDLQV�����ZW��RI�0R
DQG� SUREDEO\� GRHV� QRW� FRQWDLQ� UDGLRDFWLYH
HOHPHQWV��WKDW�LV�RI�LPSRUWDQFH�IRU��E�GHFD\
H[SHULPHQWV�ZLWK����0R��6XFK�FU\VWDOV�FRXOG
EH� XVHG� DOVR� LQ� VHDUFKHV� IRU� VRODU� D[LRQV
�K\SRWKHWLFDO�SDUWLFOHV�ZKLFK�FRXOG�EH�HPLW�
WHG�LQ�GHH[FLWDWLRQ�RI��/L�LQ�WKH�VRODU�FHQWHU
DQG� UHVRQDQWO\� FDSWXUHG� E\� �/L� QXFOHL� LQ� D
GHWHFWRU� RQ� WKH� (DUWK� >��@�� DQG� GLIIHUHQW
PRGHV� RI� �E� SURFHVVHV� LQ� ��=Q�� ��=Q�� ��0R�
DQG���0R�>��������@��

,W� VKRXOG� EH�PHQWLRQHG� WKDW� WKH� ILUVW� LQ
WKH� ZRUOG� ODUJH� RSWLFDOO\� KRPRJHQHRXV
/L�=Q��0R2����FU\VWDOV�ZHUH�JURZQ�XVLQJ�WKHVSHFLDOO\� GHYHORSHG� ORZ�WKHUPDO�JUDGLHQW
&]RFKUDOVNL� WHFKQLTXH� >��@� DW� WKH� 1LNRODHY
,QVWLWXWH�RI�,QRUJDQLF�&KHPLVWU\��1,,&��1R�
YRVLELUVN�� 5XVVLD�� LQ� ������ 7KH� ILUVW� VLJQV
RI� OXPLQHVFHQFH� RI� WKHVH� FU\VWDOV� DW� URRP
WHPSHUDWXUH� ZHUH� UHYHDOHG�� 7KLV� K\SRWKHVLV
ZDV� FKHFNHG� LQGHSHQGHQWO\� ZLWK� WKH� VDPSOHV
JURZQ� E\� VSRQWDQHRXV� FU\VWDOOL]DWLRQ� IURP
VWRLFKLRPHWULF� VROXWLRQ� DQG� DOVR� VKRZLQJ� D
PDUNHG�UHVSRQVH�XQGHU�H[FLWDWLRQ�ZLWK�D�SDU�
WLFOHV�� ,Q� WKLV� ZRUN�� WZR� FU\VWDOV� JURZQ� DW
1,,&� ZHUH� VWXGLHG� �ODEHOHG� KHUHDIWHU� DV
/=02��� DQG� /=02����� /=02��� ZDV� JURZQ
IURP� PL[WXUH� RI� /L�&2��� =Q2�� DQG� 0R2���Ü�� 1� SXULW\� JUDGH�� ZLWK� �� �� H[FHVV� RI
/L�&2�� DQG� 0R2�� LQ� FRPSDULVRQ� ZLWK� WKH

)LJ����� D�� 5DZ� ERXOH� RI� /=02��� FU\VWDO�� E�� WUDQVPLVVLRQ� FXUYHV� IRU� WKH� /=02��� DQG� /=02��
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VWRLFKLRPHWULF� FRPSRVLWLRQ�� 7KH� /=02��
ERXOH��)LJ���D��ZDV�JURZQ�IURP�DGGLWLRQDOO\
SXULILHG�UDZ�PDWHULDOV��LW�KDV�QHDUO\�FRQLFDO
VKDSH�ZLWK�PD[LPDO�GLDPHWHU�DERXW����PP
DQG� WRWDO� OHQJWK� QHDU� ��� PP�� 7KH� PDLQ
FKDUDFWHULVWLFV�RI�/L�=Q��0R2����FU\VWDOV�DUHSUHVHQWHG� LQ� 7DEOH���� 7KH� PDWHULDO� LV� QRQ�
K\JURVFRSLF�DQG�FKHPLFDOO\�UHVLVWDQW�

7R�HVWLPDWH�WKH�SUHVHQFH�RI�LPSXULWLHV�LQ
WKH� FU\VWDOV�� /=02��� ZDV� VXEMHFWHG� WR� ,Q�
GXFWLYHO\�&RXSOHG�3ODVPD��0DVV�6SHFWURPH�
WU\� �,&3�06�� $JLOHQW� 7HFKQRORJLHV� PRGHO
����D�� DW� WKH� *UDQ� 6DVVR�1DWLRQDO� /DERUD�
WRU\�� ,1)1�� $� VDPSOH� RI� WKH� FU\VWDO� ZDV
SRZGHUHG�PHFKDQLFDOO\� LQVLGH� D� FOHDQ� SRO\�
HWK\OHQH�EDJ� WR� DYRLG�DQ\�SRVVLEOH� H[WHUQDO
FRQWDPLQDWLRQ�� 7ZR� SRUWLRQV� RI� WKH� VDPSOH
ZHUH� HWFKHG�E\� WKH�PLFURZDYH�DVVLVWHG� DFLG
GLJHVWLRQ� WHFKQLTXH� �0HWKRG� (3$� �����
XVLQJ�WZR�GLIIHUHQW�UHDJHQWV��QLWULF�DFLG�K\�
GURIOXRULF� DFLG� PL[WXUH� ������ DQG� FRQFHQ�
WUDWHG� K\GURIOXRULF� DFLG�� 7KH� VROXWLRQV� RE�
WDLQHG� DIWHU� FHQWULIXJDWLRQ� KDYH� EHHQ� DQD�
O\]HG�E\�,&3�06�

7KH� FRQFHQWUDWLRQV� RI� FKHPLFDO� HOHPHQWV
ZHUH�PHDVXUHG�E\�D�VHPL�TXDQWLWDWLYH� WHFK�
QLTXH��7KH� LQVWUXPHQW�ZDV�FDOLEUDWHG�XVLQJ
D�VLQJOH�VWDQGDUG�VROXWLRQ�FRQWDLQLQJ���HOH�
PHQWV� WR� FRYHU� WKH� HQWLUH�PDVV� UDQJH�� 7KH
PHDVXUHG� UHVXOWV� DUH� SUHVHQWHG� LQ� 7DEOH���
7KH� HUURUV� RI� WKH� YDOXHV� DUH� DW� D� OHYHO� RI
��Ü��� ��� 0RUHRYHU�� WKH� HUURUV� IRU� VRPH
HOHPHQWV� FRXOG� EH� KLJKHU� EHFDXVH� RI� LQWHU�
IHUHQFH�GXH�WR�SURGXFWLRQ�RI�SRO\DWRPLF� VSH�
FLHV�LQ�WKH�SODVPD�WRUFK�LQFOXGLQJ�WKH�PDWUL[
HOHPHQWV�DQG�DUJRQ�LRQ��7KH�JLYHQ�UHVXOWV�DUH
WKH�DYHUDJHG�YDOXHV�RI�WKH�PHDVXUHPHQWV�IRU
WZR� VROXWLRQV� EHLQJ� LQ� D� UHDVRQDEOH� DJUHH�
PHQW�� $Q� DSSUHFLDEOH� FRQWDPLQDWLRQ� RI� WKH
FU\VWDO� E\�&G� DQG�:� FRXOG� EH� H[SODLQHG� E\

SUHYLRXV� XVLQJ� RI� WKH� JURZLQJ� VHWXS� IRU
FDGPLXP� WXQJVWDWH� FU\VWDOV� SURGXFWLRQ�

7KH�UHIUDFWLYH�LQGH[�RI�/L�=Q��0R2����ZDVPHDVXUHG�XVLQJ�D�*6���JRQLRPHWHU��7KH�VDP�
SOH�ZDV�VKDSHG�DV�D�WULDQJXODU�SULVP��,W�ZDV
IRXQG� WKDW� WKH� UHIUDFWLYH� LQGH[� �Q��� LV� FRQ�VWDQW� LQ� RQH� SRODUL]DWLRQ�SODQH��ZKLOH� LQ� WKH
RWKHU�� ERWK� ORZHU� �Q�Ü�� DQG� KLJKHU� �Q���� UH�IUDFWLYH� LQGLFHV� ZHUH� REVHUYHG� IRU� GLIIHUHQW
GLUHFWLRQV�� 7KLV� LQGLFDWHV� WKDW� WKH� FU\VWDO� LV
ELD[LDO�DQG�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�LQ
WZR� GLUHFWLRQV�ZKLFK�ZHUH� V\PPHWULF� WR� RQH
RI�WKH�RSWLFDO�D[HV��,QGLFHV�DUH�SUHVHQWHG�IRU

7DEOH���� 0DLQ� SURSHUWLHV� RI� /L�=Q��0R2���FU\VWDOV
3DUDPHWHU 9DOXH

'HQVLW\��J�FP�� ����
0HOWLQJ�SRLQW���&� ���
&U\VWDO�V\VWHP 2UWKRUKRPELF
&OHDYDJH�SODQH :HDN������

:DYHOHQJWK�RI�HPLVVLRQ
PD[LPXP��QP�

���Ü���

5HIUDFWLYH�LQGH[�DW�HPLVVLRQ
PD[LPXP

���

(IIHFWLYH�DYHUDJH�
GHFD\�WLPH��PV�

���

�'HSHQGV�RQ�WKH�H[FLWDWLRQ�W\SH�
�)RU�D�SDUWLFOHV�DW�����.�

7DEOH����&RQWDPLQDWLRQ�RI�WKH�/L�=Q��0R2���FU\VWDO�PHDVXUHG�E\�,&3�06�DQDO\VLV
(OHPHQW 0HDVXUHG

DWRPLF
PDVV

&RQFHQWUD�
WLRQ�RI
HOHPHQW
�SSP�

3RVVLEOH
LQWHUIHUHQFH

0J �� ���
$O �� �����
6F �� ����� ��6L��2�+����6L��2�
0Q �� ��� ��$U��)����$U��1�+����.��2����$U��2�+�

)H �� ���� ��$U��)����$U��2�+����&D��2�+�

&R �� ����� ��&D��2����$U��)�
1L �� ���� ��&D��2�

*D �� ���� ��=Q±��=Q�
*H �� ���� �/L��=Q�
6H �� ��� ��=Q��2�

5E �� �����
6U �� �����
$J ��� ����
&G ��� �� ��0R��2�

6E ��� ������
&V ��� ����� ��=Q��=Q�
%D ��� ���
6P ��� ���
: ��� ��
3W ��� ���
3E ��� ����
%L ��� �������
7K ��� �������
8 ��� �������
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ILYH� OLQHV� RI� D� +J�ODPS� �VHH� 7DEOH����� 7KH
WUDQVPLWWDQFH� RI� /L�=Q��0R2���� ZDV� PHDV�XUHG�XVLQJ�D�6KLPDG]X�89�����3&�VSHFWUR�
SKRWRPHWHU� DQG� LV� VKRZQ� LQ� )LJ���E� IRU
DERXW� �� PP� WKLFN� VDPSOHV� PDGH� IURP
/=02��� DQG� /=02��� FU\VWDOV�� 7KH� FKDUDF�
WHU� RI� REVHUYHG� FXUYHV� FRQILUPV� WKDW� DGGL�
WLRQDO� SXULILFDWLRQ� RI� UDZ� PDWHULDOV� GH�
FUHDVHV�OLJKW�DEVRUSWLRQ�LQ�WKH�FU\VWDOV��7KH
OXPLQHVFHQFH� VSHFWUXP� RI� /L�=Q��0R2���FU\VWDO� ZDV� VWXGLHG� XVLQJ� D� 0'5��� PRQR�
FKURPDWRU�DW�URRP�WHPSHUDWXUH��7KH�SKRWROX�
PLQHVFHQFH� ZDV� H[FLWHG� E\� DQ� $U�ODVHU� �WKH
ZDYHOHQJWK� ������ QP��� 7KH� VSHFWUDO� UHVROX�
WLRQ�ZDV���QP��7KH�VPRRWKHG�HPLVVLRQ�VSHF�
WUXP� RI� D� /L�=Q��0R2���� FU\VWDO� XQGHU� 89H[FLWDWLRQ� LV� SUHVHQWHG� LQ� )LJ���D� �FXUYH� ��
EROG�OLQH���$�ZLGH��):+0|����QP��3/�EDQG
ZDV�REVHUYHG�LQ�YLVLEOH�UHJLRQ�ZLWK�PD[LPXP
DW�����QP������H9��

7KH� H[FLWDWLRQ� DQG� UHIOHFWLRQ� VSHFWUD� LQ
WKH� HQHUJ\� UHJLRQ� RI� ���Ü��� H9� ZHUH� DOVR
PHDVXUHG�XVLQJ� V\QFKURWURQ� UDGLDWLRQ� DW� WKH
683(5/80,�VWDWLRQ��'(6<��>��@�LQ�WKH�WHP�

SHUDWXUH� LQWHUYDO� RI� ��Ü���� .�� 7KH� PHDV�
XUHPHQWV� ZHUH� SHUIRUPHG� RQ� WKH� IUHVKO\
FOHDYHG� YLWUHRXV� VXUIDFH�� 7KH� OXPLQHVFHQFH
VSHFWUD� ZHUH� FRUUHFWHG� IRU� WKH� VHWXS� VSHF�
WUDO� VHQVLWLYLW\� IXQFWLRQ�� 7KH� OXPLQHVFHQFH
RI�/L�=Q��0R2����DW�����.�H[FLWHG�E\�D���H9UDGLDWLRQ� VKRZV� D� EURDG� �):+0|����QP�
EDQG�SHDNHG�QHDU�����QP�RU������H9��)LJ���D�
FXUYH� ��� VROLG� VTXDUHV��� 7KH� OXPLQHVFHQFH
EDQG� PHDVXUHG� XQGHU� H[FLWDWLRQ� ZLWK� �� H9
HQHUJ\�DW�7� ����.�ZDV�QDUURZHG��):+0� 
����QP�� DQG� LWV� PD[LPXP� KDV� VKLIWHG� WR�
ZDUGV� ORQJHU� ZDYHOHQJWKV� �O� ����� QP� RU
����� H9�� �)LJ���D�� FXUYH� ��� DVWHULVNV��� 7KH
OXPLQHVFHQFH� GHFD\� WLPH� H[FHHGHG� �� PV�� 7KH
UHIOHFWLRQ�VSHFWUXP�PHDVXUHG�DW�7� �����.�LV
SUHVHQWHG� LQ� )LJ���D�� $W� OHDVW� �� UHIOHFWLRQ
SHDNV� ZHUH� REVHUYHG� LQ� WKH� ZDYHOHQJWK� UH�
JLRQ�RI���Ü����QP��HQHUJLHV��Ü���H9��

$� VLQJOH� OXPLQHVFHQFH� EDQG� LV� JHQHUDOO\
REVHUYHG� IRU� PRO\EGDWHV� RI� WKH� VFKHHOLWH
VWUXFWXUH�� DV� ZHOO� DV� IRU�0J0R2��� =Q0R2�>��Ü��@�� 6HOI�WUDSSHG� H[FLWRQV� DW� LVRODWHG
0R2��±�FRPSOH[�DUH�DVFHUWDLQHG�DV�WKH�OXPL�QHVFHQFH� FHQWHUV� IRU� WKH� VFKHHOLWH� W\SH
PRO\EGDWHV��+RZHYHU�� WKH� FU\VWDO� VWUXFWXUH
RI� /L�=Q��0R2���� GLIIHUV� IURP� WKH� VFKHHOLWHW\SH��LW�EHORQJV�WR�WKH�RUWKRUKRPELF�V\VWHP�
VSDFH�JURXS�3QPD��ZLWK�WZR�GLIIHUHQW�W\SHV
RI� LVRODWHG� GLVWRUWHG�0R2�� FRPSOH[HV� >��@�7KXV��WKH�PRGHO�RI�WKH�VHOI�WUDSSHG�H[FLWRQV
DW� WKH� LVRODWHG�0R2�� FRPSOH[HV� FDQ� EH� DS�SOLHG�WR�/L�=Q��0R2�����7KH�ORZ�HQHUJ\�SDUWV�RI�OXPLQHVFHQFH�H[�
FLWDWLRQ� VSHFWUD�PHDVXUHG� IRU� HPLWWHG� OLJKW
DW�OHP� �����QP�DW�7� ����������DQG�����.DUH�SUHVHQWHG�LQ�)LJ���E��7KH�VSHFWUXP�HGJH

)LJ�����D��VSHFWUXP�RI�/L�=Q��0R2����OXPLQHVFHQFH�XQGHU�H[FLWDWLRQ�E\�XOWUDYLROHW�����EROG�OLQH��DQGV\QFKURWURQ�UDGLDWLRQ�DW�(H[� �����H9�DQG�7� �����.�����VTXDUHV��DQG�DW�(H[� �����H9�DQG�7� ����.����DVWHULVNV���E��HPLVVLRQ�VSHFWUXP�RI�/L�=Q��0R2����FU\VWDO�XQGHU�;�UD\�H[FLWDWLRQ�PHDVXUHG�ZLWK307�)(8����� ,QVHW�� HPLVVLRQ� VSHFWUXP� LQ� YLVLEOH� UHJLRQ� DW� GLIIHUHQW� WHPSHUDWXUHV� �57�Û� URRP�
/17�Û�OLTXLG�QLWURJHQ���PHDVXUHG�ZLWK�307�)(8������

7DEOH����5HIUDFWLYH�LQGH[HV�RI�/L�=Q��0R2���FU\VWDO
:DYH�

OHQJWK��QP
5HIUDFWLYH�LQGH[HV

Q�� Q� Q�Ü
����� ��������� ��������� ���������
����� ��������� ��������� ���������
����� ��������� ��������� ���������
����� ��������� ��������� ���������
����� ��������� ��������� ���������
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LV� VHHQ� WR� EH� VKLIWHG� WR� WKH� ORZ�HQHUJ\� UH�
JLRQ� DV� WKH� WHPSHUDWXUH� LQFUHDVHV��3HUKDSV
LW�IROORZV�IURP�WKH�WHPSHUDWXUH�VKLIW�RI�WKH
IXQGDPHQWDO�DEVRUSWLRQ�HGJH��7KH�GLS�LQ�WKH
OXPLQHVFHQFH�H[FLWDWLRQ�VSHFWUXP�DW�����H9
�a���� QP�� LV� GXH� WR� WKH� LQFUHDVH� RI� WKH
QHDU�VXUIDFH�ORVVHV�LQ�WKH�UHJLRQ�RI�WKH�ILUVW
UHIOHFWLRQ�SHDN��)LJ���D��FXUYHV��Ü����$V�WKH
H[FLWDWLRQ� HQHUJ\� ULVHV�� WKH� LQWHQVLW\� GURSV
DOPRVW� WR� ]HUR� DW��� H9� �����QP���7KH� VORZ
LQFUHDVH� LQ� WKH� OXPLQHVFHQFH� H[FLWDWLRQ� LQ�
WHQVLW\� DW� (�!���� H9� �O������� QP�� LV� DV�
FULEHG� WR� WKH� PXOWLSOLFDWLRQ� SURFHVVHV� ZLWK
UHSHDWHG� IRUPDWLRQ� RI� ORZ�HQHUJ\� HOHFWURQ�
KROH�SDLUV�

,W� LV� WR� QRWH� WKDW� WKH�PRVW� RI� UHIOHFWLRQ
SHDNV�DW�O� ����Ü����QP���Ü���H9��)LJ���D�
FXUYH� ��� GRHV� QRW� DSSHDU� LQ� WKH� H[FLWDWLRQ
VSHFWUD�GXH� WR� WKH� ORZ� LQWHQVLW\�RI� WKH� ODW�
WHU��6XFK�D�EHKDYLRU�FDQ�EH�H[SODLQHG�E\�WKH

H[LVWHQFH�RI�HIILFLHQW�HQHUJ\�UHOD[DWLRQ�FHQ�
WHUV� FRPSHWLWLYH� WR� WKH� H[FLWRQ�W\SH� OXPL�
QHVFHQFH� RQHV��$V� WKH�H[FLWDWLRQ� HQHUJ\� LQ�
FUHDVHV�� WKH� PHDQ� GLVWDQFH� EHWZHHQ� WKH
VHSDUDWHG� HOHFWURQ� DQG� KROH� LQFUHDVHV�� WRR�
7KXV��WKH�SUREDELOLW\�IRU�WKH�VHSDUDWHG�HOHF�
WURQ� DQ� KROH� WR� EH� ERXQG� LQWR� DQG� H[FLWRQ
GHFUHDVHV�EHFDXVH�FKDUJH�FDUULHUV�FDQ�EH�LQ�
WHUFHSWHG� E\� WKH� FRPSHWLWLYH� UHOD[DWLRQ
FKDQQHOV� GXULQJ� WKH�PLJUDWLRQ� WKURXJK� WKH
FU\VWDO��7KH�SUHVHQFH�RI�WKH�FRPSHWLWLYH�UH�
OD[DWLRQ� FKDQQHO� DIIHFWV� DOVR� WKH� WHPSHUD�
WXUH� GHSHQGHQFH� RI� WKH� OXPLQHVFHQFH� LQWHQ�
VLW\� �VHH� )LJ���F���$V� WKHUH� LV� RQO\� D� VLQJOH
OXPLQHVFHQFH� EDQG� XQGHU� 989�H[FLWDWLRQ�
WKH� FRPSHWLWLYH� HQHUJ\� UHOD[DWLRQ� FHQWHUV
FDQ� EH� FRQFOXGHG� WR� KDYH� QRQ�UDGLDWLYH
FKDUDFWHU��7KH�RULJLQ�RI�VXFK�FHQWHUV�LV�QRW
FOHDU�� $Q\ZD\�� WKHLU� SUHVHQFH� VKRXOG� GH�
FUHDVH�WKH�VFLQWLOODWLRQ�\LHOG�RI�WKH�FU\VWDO�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�/L�=Q��0R2����OXPLQHVFHQFH��D��OXPLQHVFHQFH�H[FLWDWLRQ�VSHFWUD
PHDVXUHG� IRU�OHP� �����QP�DW�7� ����.��FXUYH����RSHQ�FLUFOHV��DQG�7� �����.��FXUYH���� VTXDUHV�WRJHWKHU�ZLWK� UHIOHFWLYLW\� RI�/L�=Q��0R2���� DW�7� �����.����� OLQH��� E�� ORZ�HQHUJ\�SDUW� RI� OXPLQHV�
FHQFH�H[FLWDWLRQ�VSHFWUD�PHDVXUHG�IRU�OHP� �����QP�DW�7� ����.�����VROLG�VTXDUHV�������.�����RSHQFLUFOHV��DQG�����.� ���� RSHQ� WULDQJOHV��� F�� WHPSHUDWXUH� GHSHQGHQFHV� RI�/L�=Q��0R2���� OXPLQHVFHQFH
LQWHQVLW\�DW�OHP� �����QP�IRU�H[FLWDWLRQ�HQHUJLHV�(H[� �����H9�DQG�(H[� ������H9��G��WHPSHUDWXUHGHSHQGHQFHV�RI�OXPLQHVFHQFH�LQWHQVLW\�XQGHU�;�UD\�H[FLWDWLRQ�IRU�WKH�ZDYHOHQJWKV�QHDU�WKH�HPLVVLRQ
PD[LPXP������QP��DQG�IRU�LQWHJUDO�VSHFWUXP�
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7KH� OXPLQHVFHQFH� VSHFWUD� RI� D
�u�u��PP��VDPSOH�XQGHU�H[FLWDWLRQ�E\�LQWH�
JUDO�;�UD\�VSHFWUXP�IURP�D�%+9��WXEH�ZLWK
5KHQLXP� DQRGH� ���� N9�� ��� P$�� PHDVXUHG
XVLQJ�D�0'5���KLJK�DSHUWXUH�PRQRFKURPD�
WRU� DQG� )(8���� SKRWRPXOWLSOLHU� �VSHFWUDO
VHQVLWLYLW\� ���Ü����� QP�� DQG� )(8����
����Ü����QP��RQH�DUH�VKRZQ�LQ�)LJ���E��7KH
;�OXPLQHVFHQFH�VSHFWUXP�FRQVLVWV�RI�VHYHUDO
ZHDN�EDQGV�LQ�YLVLEOH�UHJLRQ��DQG�RI�VHYHUDO
LQWHQVH�RQHV� LQ�,5�UDQJH��6SHFWUD� LQ�YLVLEOH
UDQJH� PHDVXUHG� DW� ���� .� DQG� ���� .� KDYH
SUDFWLFDOO\� WKH� VDPH�VKDSH�EXW�GLIIHU� LQ� LQ�
WHQVLW\��

7KH� WHPSHUDWXUH� GHSHQGHQFHV� RI� WKH
/L�=Q��0R2���� ;�OXPLQHVFHQFH� LQWHQVLW\
PHDVXUHG� DW� O� ����� QP� IRU� WKH� H[FLWDWLRQ
HQHUJLHV� (H[� ������ H9� DQG�(H[� �������H9DUH� VKRZQ� LQ� )LJ���F�� 7KH� GHSHQGHQFHV� RI
/L�=Q��0R2���� ;�OXPLQHVFHQFH� LQWHQVLW\� RQWHPSHUDWXUH� ���Ü���� .�� PHDVXUHG� LQ� ZLGH
LQWHUYDO�RI�ZDYHOHQJWKV��LQWHJUDO��DQG�LQ�WKH
QDUURZ� UHJLRQ� QHDU� WKH� HPLVVLRQ�PD[LPXP
����� QP�� DUH� SUHVHQWHG� LQ� )LJ���G�� 7KH� LQ�
WHQVLW\�VORZO\�IDOOV�GRZQ��KRZHYHU��UHPDLQV
VWLOO� QRWLFHDEOH� HYHQ� XS� WR� ���� .�� $� ORZ
PD[LPXP� DW� ���Ü���� .� FDQ� EH� H[SODLQHG
E\�VXSHUSRVLWLRQ�RI�WKHUPDOO\�VWLPXODWHG�OX�
PLQHVFHQFH��VHH�EHORZ��

$W�URRP�WHPSHUDWXUH��D�VORZ�GHFUHDVH�RI
;�OXPLQHVFHQFH� LQWHQVLW\� LV� VHHQ� �)LJ���G�
WKDW�FDQ�EH�GXH�WR�WZR�FDXVHV���L��LQFUHDVLQJ
IUDFWLRQ� RI� UDGLDWLRQOHVV� UHFRPELQDWLRQ� RQ
UHFKDUJHG�WUDSV�GXULQJ�;�UD\�UDGLDWLRQ�DQG
DFFXPXODWLRQ� RI� OLJKW� VXP� DW� GHHS� WUDSV�
DQG� �LL�� IRUPDWLRQ� RI� FRORU� FHQWHUV� WKDW� DE�
VRUE� WKH� OXPLQHVFHQFH� UDGLDWLRQ�� 7KH� ILUVW
SURFHVV�LV�VXSSRVHG�WR�EH�GRPLQDQW��DV�GRVH
GHSHQGHQFH�RI�;�OXPLQHVFHQFH�LQWHQVLW\�KDV
H[SRQHQWLDO� FKDUDFWHU�� $�PLQRU� LQFUHDVH� RI

OXPLQHVFHQFH� LQWHQVLW\� DW� WKH� H[FLWDWLRQ
VWDUW� DW� ��� .� �ZKHQ� WKH� TXDQWLW\� RI� GHHS
WUDSV� LV�PXFK�PRUH� WKDQ� DW� URRP� WHPSHUD�
WXUH��FRQILUPV�WKLV�DVVXPSWLRQ��

7KH� WRWDO� OXPLQHVFHQFH� LQWHQVLW\� RI
/L�=Q��0R2���� LV�PRUH� WKDQ� WKUHH� RUGHUV� RIPDJQLWXGH� ORZHU� WKDQ� WKDW� RI� FRPPRQO\
XVHG�=Q6�&X��OXPLQRSKRU��7KLV�HYLGHQFHV�DQ
LQWHQVH� UDGLDWLRQOHVV� UHFRPELQDWLRQ� RI� HOHF�
WURQLF�H[FLWDWLRQV��$�WHPSHUDWXUH�TXHQFKLQJ
RI�WKH�OXPLQHVFHQFH�LV�REVHUYHG��KRZHYHU��LW
FDQQRW� EH� GHVFULEHG� E\� WKH� 0RWW� IRUPXOD
�,� �,PD[������$HÜ(�N7�� HYHQ� DW� WKH� WHP�SHUDWXUHV� KLJKHU� WKDQ� ���� .�� ,W� FRXOG� EH
GXH� WR� FRQWULEXWLRQ� IURP� VHYHUDO� SURFHVVHV
UHVXOWLQJ� ERWK� LQ� LQWHUQDO� DQG� H[WHUQDO� H[�
WLQJXLVKLQJ� RI� OXPLQHVFHQFH��6XFK� D� EHKDY�
LRU�LV�W\SLFDO�RI�PDQ\�R[LGHV���

7KH� ORQJ�WHUP� SKRVSKRUHVFHQFH� �)LJ���D�
DQG� WKHUPDOO\� VWLPXODWHG� OXPLQHVFHQFH
�76/�� )LJ���E�� XQGHU�;�UD\� H[FLWDWLRQ� ZHUH
PHDVXUHG� DW� URRP� ����� .�� 57�� DQG� OLTXLG
QLWURJHQ�����.��/17��WHPSHUDWXUHV��7KH�UH�
VXOWV� REWDLQHG� WHVWLI\� SUHVHQFH� RI� WUDSV� LQ
/L�=Q��0R2���� FU\VWDOV�� ,W� VKRXOG�EH� HPSKD�VL]HG� WKDW� WKH� SKRVSKRUHVFHQFH� DWWHQXDWLRQ
�)LJ���D�� PHHWV� D� K\SHUEROLF� ODZ� WKDW� HYL�
GHQFHV�WKH�UHFRPELQDWLRQ�FKDUDFWHU�RI�OXPL�
QHVFHQFH� LQ� WKH�PDWHULDO�� 7KH� 76/� ZDV� RE�
VHUYHG�LQ�D�ZLGH�WHPSHUDWXUH�LQWHUYDO��KRZ�
HYHU�� WKH� OLJKW� LV� HPLWWHG� PDLQO\� DW
���Ü���� .�� 7KLV� FRQFOXVLRQ� GRHV� QRW� FRQ�
WUDGLFW� WKH� DVVXPSWLRQ� DERXW� H[LVWHQFH� RI
DXWRORFDOLVHG� H[FLWRQV� DV� OXPLQHVFHQFH� FHQ�
WHUV��'XULQJ�WKH�SKRVSKRUHVFHQFH��UHJHQHUD�
WLRQ�RI�DXWRORFDOLVHG�H[FLWRQ�DIWHU�UHOHDVH�RI
RQH� RI� FKDUJH� FDUULHUV� IURP� WKH� WUDS� FRXOG
WDNH�SODFH��7KH�SRVVLELOLW\�RI�VXFK�UHJHQHUD�
WLRQ� ZDV� VKRZQ�� H�J�� IRU�%D)�� >��@�� 7KHUH�IRUH��WKHUPRVWLPXODWHG�UHJHQHUDWLRQ�RI�VHOI�

)LJ�����D��7LPH�GHSHQGHQFHV�RI�/L�=Q��0R2����FU\VWDO� OXPLQHVFHQFH�LQWHQVLW\�DIWHU�;�UD\�H[FLWDWLRQDW� URRP� �57�� DQG� OLTXLG� QLWURJHQ� �/17�� WHPSHUDWXUHV�� E�� WKHUPROXPLQHVFHQFH� RI� /L�=Q��0R2���FU\VWDO�DIWHU�;�UD\�H[FLWDWLRQ�DW�OLTXLG�QLWURJHQ�WHPSHUDWXUH�
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WUDSSHG�H[FLWRQV�DIWHU�;�UD\�H[FLWDWLRQ�PD\
UHVXOW� LQ� D� K\SHUEROLF� GHSHQGHQFH� RI� SKRV�
SKRUHVFHQFH� GHFD\� LQ� /L�=Q��0R2����� $W�WHPSWV� DUH� UHDVRQDEOH� WR� HQKDQFH� WKH� OLJKW
RXWSXW� RI� /L�=Q��0R2���� E\� DFWLYDWLRQ� ZLWKGRSLQJ� HOHPHQWV� ZKLFK� FRXOG� FUHDWH� PRUH
HIILFLHQW�OLJKW�HPLVVLRQ�FHQWHUV�

7KH� VSHFWURPHWULF� FKDUDFWHULVWLFV� ZHUH
PHDVXUHG�LQ�WKH�WHPSHUDWXUH�UDQJH�RI����Ü
���� .� XVLQJ� D� �u�u����PP�� VDPSOH� SUH�
SDUHG�IURP�WKH�/=02���FU\VWDO��7KH�FU\VWDO
ZDV� YLHZHG� E\� WKH� 3KLOLSV�;3����� ELDONDOL
307� WKURXJK� D� KLJK� SXULW\� TXDUW]� OLJKW
JXLGH�����u��� FP��7KH�/L�=Q��0R2���� VDP�SOH� DQG� WKH� OLJKW� JXLGH�ZHUH�ZUDSSHG�ZLWK
WKH�37)(�WDSH�DV�UHIOHFWRU��$�'RZ�&RUQLQJ
4������� RSWLFDO� FRXSODQW� ZDV� XVHG� WR� SUR�
YLGH�RSWLFDO� FRQWDFW�RI� WKH� VFLQWLOODWRU�ZLWK
WKH�OLJKW�JXLGH��DQG�RI�WKH�OLJKW�JXLGH�ZLWK
WKH�307��7KH�FU\VWDO�DQG�WKH�PDLQ�SDUW�RI
WKH� OLJKW� JXLGH� ZHUH� SODFHG� LQWR� D� 'HZDU
YHVVHO�� ZKLOH� WKH� 307� ZDV� WKHUPDOO\� LVR�
ODWHG� IURP� WKH� YHVVHO�� 7KLV� ZD\�� WKH� 307
WHPSHUDWXUH� ZDV� NHSW� VWDEOH� �DERXW� 57�
GXULQJ�WKH�PHDVXUHPHQWV��7KH�'HZDU�YHVVHO
ZDV�SHULRGLFDOO\� ILOOHG� E\� VPDOO� DPRXQWV� RI
OLTXLG�QLWURJHQ�WR�FRRO�WKH�FU\VWDO�� ,WV�WHP�
SHUDWXUH� ZDV� PHDVXUHG� XVLQJ� D� IOH[LEOH
FKURPHO�DOXPHO� WKHUPRFRXSOH�� $� ��� 0&�V
WUDQVLHQW� GLJLWL]HU� ZDV� XVHG� WR� DFFXPXODWH
VHYHUDO�KXQGUHGV� RI�/L�=Q��0R2���� VFLQWLOOD�WLRQ� SXOVHV� DW� HDFK� WHPSHUDWXUH�� 7KHQ� WKH
UHFRUGHG�SXOVH� VKDSHV�ZHUH�XVHG� WR�SURYLGH
WKH� HQHUJ\� VSHFWUD� E\� FDOFXODWLQJ� WKH� DUHD
RI�HDFK�VLJQDO�IURP�WKH�VWDUWLQJ�SRLQW�XS�WR
���PV�

$�FROOLPDWHG����$P�D�SDUWLFOH�VRXUFH�ZDV
XVHG� LQ� WKH� PHDVXUHPHQWV�� $V� LW� ZDV
FKHFNHG� E\� VXUIDFH�EDUULHU� GHWHFWRU�� WKH� D

SDUWLFOH� HQHUJ\� ZDV� UHGXFHG� WR� DERXW
�����0H9�GXH� WR�SDVVLQJ� WKURXJK�WKH�FROOL�
PDWRU� �a�� PP� RI� DLU��� )LJ���D� VKRZV� WKH
HQHUJ\� VSHFWUXP� RI� WKH� D� SDUWLFOHV� PHDV�
XUHG� E\� WKH� /L�=Q��0R2���� VFLQWLOODWRU� DW����.��7KH�HQHUJ\�UHVROXWLRQ�RI������ZDV
REWDLQHG� IRU� D�SDUWLFOHV� RI� ���$P� VRXUFH�
7KH� UHODWLYH� SKRWRHOHFWURQ� \LHOG� RI
/L�=Q��0R2����ZDV�HVWLPDWHG�WR�EH�DERXW��Ü����ZLWK�UHVSHFW�WR���u��u��PP��&D0R2�FU\VWDO� RI� >�@� DW� ���� .�� ,Q� PHDVXUHPHQWV
>�@�� WDNLQJ� LQWR� DFFRXQW� D� PXFK� ORQJHU
GHFD\� WLPH� RI� &D0R2�� VFLQWLOODWRU
�|����PV��� WKH� HQHUJ\� VSHFWUXP� RI�&D0R2�ZDV�SORWWHG�E\� FDOFXODWLQJ� WKH�DUHD�RI�HDFK
VLJQDO�IURP�WKH�VWDUWLQJ�SRLQW�XS�WR�����PV�
7KH� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH
/L�=Q��0R2���� OLJKW� RXWSXW� PHDVXUHG� ZLWKD�SDUWLFOHV�LQ�WHPSHUDWXUH�UDQJH����Ü����.
DJUHHV�ZLWK�WKH�EHKDYLRU�REVHUYHG�XQGHU�;�
UD\�LUUDGLDWLRQ�

,W�VKRXOG�EH�QRWHG�WKDW�PRVW�RI�LQRUJDQLF
FU\VWDO� VFLQWLOODWRUV� FDQ� DOVR� EH� DSSOLHG� DV
VFLQWLOODWLQJ� ORZ�WHPSHUDWXUH� ERORPHWHUV
ZLWK� VLPXOWDQHRXV� UHFRUGLQJ� RI� ERWK� OLJKW
DQG�KHDW�VLJQDOV�>��@��$�JUHDW�DGYDQWDJH�RI
WKLV� WHFKQLTXH� LV� GXH� WR� H[FHOOHQW� HQHUJ\
UHVROXWLRQ� �DW� WKH� OHYHO� RI� D� IHZ� NH9� LQ� D
ZLGH� HQHUJ\� LQWHUYDO�� DQG� GLVFULPLQDWLRQ
DELOLW\� RI� GLIIHUHQW� LRQL]LQJ� SDUWLFOH� W\SHV�
7R�FKHFN�VXFK�D�SRVVLELOLW\��D�/L�=Q��0R2���FU\VWDO� VDPSOH� RI� ��u��u��PP�� VL]H� ZDV
WHVWHG� DW����P.�DV� D� FU\RJHQLF�GHWHFWRU� LQ
WKH�VHWXS�GHVFULEHG� LQ�>��@��$�FOHDU�SKRQRQ
VLJQDO� ZDV� GHWHFWHG�� 7KH� HQHUJ\� VSHFWUXP
DFFXPXODWHG� ZLWK� WKH� VDPSOH� LV� VKRZQ� LQ
)LJ���E�� 7KH� SHDN� DW� ����� FKDQQHO� ZLWK
):+0� ����� �� DQG� DUHD� ���r���FRXQWV

)LJ�����6SHFWURPHWULF�SURSHUWLHV�RI�/L�=Q��0R2����FU\VWDOV��D��HQHUJ\�VSHFWUXP�RI����$P�D�SDUWLFOHV
�(D� ������0H9��PHDVXUHG�XVLQJ�D��u�u����PP�� VDPSOH�DV� VFLQWLOODWRU��E�� HQHUJ\�VSHFWUXP�PHDV�
XUHG�XVLQJ�D���u��u��PP��FU\VWDO�DW����P.�DV�ERORPHWHU�

1�9�%DVKPDNRYD�HW�DO���&U\VWDO�DV�D�SRWHQWLDO�GHWHFWRU���

��� )XQFWLRQDO�PDWHULDOV�������������



FDQ�EH�DVFULEHG�WR�LQWHUQDO�FRQWDPLQDWLRQ�RI
WKH�VDPSOH�ZLWK����3R��4D� ������NH9��7R� FRQFOXGH�� WKH� KLJK� RSWLFDO� TXDOLW\
/L�=Q��0R2���� FU\VWDOV� KDYH� EHHQ� JURZQ� E\WKH� ORZ�WKHUPDO�JUDGLHQW� &]RFKUDOVNL� WHFK�
QLTXH�� 7KH� PDWHULDO� FRQWDPLQDWLRQ� ZLWK
RWKHU� FKHPLFDO� HOHPHQWV� PHDVXUHG� E\� ,&3�
06�GRHV�QRW�H[FHHG�WKH�SSP�OHYHO�H[FHSW�IRU
0J� ����� SSP��� &G� ���� SSP��� DQG� :
���� SSP��� 7KH� UHIUDFWLYH� LQGLFHV� RI
/L�=Q��0R2���� ZHUH� PHDVXUHG� LQ� WKH� ���Ü����QP�ZDYHOHQJWK� UDQJH�� 7KH� FU\VWDO�ZDV
IRXQG� WR� EH� ELD[LDO�� 7KH� YDOXHV� RI� UHIUDFW�
LYH�LQGH[HV�DUH�LQ�WKH�UDQJH�����Ü������7KH
WUDQVPLWWDQFH� RI� /L�=Q��0R2���� ZDV� PHDV�XUHG�IRU�WZR�VDPSOHV�JURZQ�IURP�UDZ�PDWH�
ULDOV� �Ü�� 1� SXULW\� JUDGH�� DQG� IURP� DGGL�
WLRQDOO\� SXULILHG� UDZ� PDWHULDOV�� 7KH� DGGL�
WLRQDO� SXULILFDWLRQ� RI� UDZ� PDWHULDOV
GHFUHDVHV� DEVRUSWLRQ� LQ� FU\VWDOV� WKXV� VXJ�
JHVWLQJ� WKDW� D� IXUWKHU� SXULILFDWLRQ� FRXOG
VLJQLILFDQWO\� LPSURYH� WKH� FU\VWDO� RSWLFDO
SURSHUWLHV�� 7KH� OXPLQHVFHQFH� XQGHU� 89�
V\QFKURWURQ�DQG�;�UD\�H[FLWDWLRQ�ZDV�VWXG�
LHG�� $� ZHDN� OXPLQHVFHQFH� ZDV� REVHUYHG� LQ
YLVLEOH� UDQJH� ZLWK� D� PD[LPXP� DW� ���Ü
���� QP�� GHSHQGLQJ� RQ� WKH� H[FLWDWLRQ� NLQG�
7KH� FU\VWDOV� VKRZ� D� FRQVLGHUDEOH� OXPLQHV�
FHQFH� LQ� ,5� UDQJH� XQGHU� ;�UD\� H[FLWDWLRQ�
7KH�WHPSHUDWXUH�GHSHQGHQFH�RI�WKH�OXPLQHV�
FHQFH� LQWHQVLW\� ZDV� PHDVXUHG� LQ� WKH� ��Ü
����.�UDQJH�XQGHU�V\QFKURWURQ�LUUDGLDWLRQ�
DQG� XQGHU� ;�UD\� H[FLWDWLRQ�� 7KH� OXPLQHV�
FHQFH� LQWHQVLW\� LQFUHDVHV� ZLWK� GHFUHDVLQJ
WHPSHUDWXUH�� 5DGLDWLRQOHVV� WUDQVLWLRQV
GRPLQDWH� LQ� UHFRPELQDWLRQ� SURFHVVHV�� WKXV
FDXVLQJ� D� UDWKHU� ORZ� OLJKW� RXWSXW� OHYHO� RI
WKH� FU\VWDOV�� 6FLQWLOODWLRQ� SURSHUWLHV� RI
/L�=Q��0R2���� ZHUH� WHVWHG� ZLWK� D� SDUWLFOHVIURP�D����$P�VRXUFH�LQ�WKH����Ü����.�WHP�
SHUDWXUH�UDQJH��$W�����.��WKH�SKRWRQ�\LHOG
RI� /L�=Q��0R2���� LV� |�� �� UHODWLYHO\� WR
&D0R2��� 7KH� WHPSHUDWXUH� GHSHQGHQFH� RIOLJKW�\LHOG�PHDVXUHG�ZLWK�D�SDUWLFOHV�DJUHHV
ZLWK� WKH� EHKDYLRU� REWDLQHG�XQGHU�;�UD\� LU�
UDGLDWLRQ�

7KH�DSSOLFDELOLW\�RI�FU\VWDOV�DV�FU\RJHQLF
ERORPHWULF� GHWHFWRUV� ZDV� GHPRQVWUDWHG� IRU
WKH� ILUVW� WLPH�� $� FOHDU� SKRQRQ� VLJQDO� ZDV
GHWHFWHG� DW� ��� P.� DQG� HQHUJ\� UHVROXWLRQ
):+0� �������ZDV�REWDLQHG�IRU������NH9
D� SDUWLFOHV�� 'HVSLWH� VFLQWLOODWLRQ� SURSHUWLHV
RI� /L�=Q��0R2���� FU\VWDOV� DUH� ZRUVH� WKDQWKRVH� RI�RWKHU� FU\VWDOV� FRQWDLQLQJ�0R�� WKH\
FDQ� EH� XVHG� DV� ERORPHWULF� GHWHFWRUV� WR
VHDUFK� IRU� �E� GHFD\� RI� ���0R�� $V� D� QH[W
VWHS�� ZH� LQWHQG� WR� SURGXFH� /L�=Q��0R2���FU\VWDOV� IURP� UDZ� PDWHULDOV� VHOHFWHG� IRU

XOWUD�ORZ�EDFNJURXQG�J��DQG�D�VSHFWURPHWU\
WR�FKHFN�IXUWKHU�SRVVLELOLWLHV�WR�XVH�PDWHULDO
DV� FU\RJHQLF� GHWHFWRUV� LQ� VHDUFK� IRU� �E
GHFD\�RI�PRO\EGHQXP�

$FNQRZOHGJHPHQWV��)�$�'DQHYLFK��9�0�.X�
GRYEHQNR�� 6�6�1DJRUQ\�� $�6�1LNRODLNR�
9�,�7UHW\DN� ZHUH� VXSSRUWHG� LQ� SDUW� E\� WKH
�.RVPRPLNURIL]\ND���$VWURSDUWLFOH�3K\VLFV�
3URMHFW�DW�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV
RI�8NUDLQH��7KH� LQYHVWLJDWLRQV�E\�9�9�0LN�
KDLOLQ�� $�(�6DYRQ�� '�$�6SDVVN\� ZHUH� VXS�
SRUWHG� E\� *UDQW� ')*� ����586� ����������
:H� DUH� JUDWHIXO� WR� 3URI�*�=LPPHUHU� IRU
SURYLGLQJ�WKH�RSSRUWXQLW\�WR�SHUIRUP�PHDV�
XUHPHQWV�DW�WKH�683(5/80,�VWDWLRQ�

5HIHUHQFHV
� ���)�7�$YLJQRQH� ,,,�� 6�5�(OOLRWW�� -�(QJHO�� 5HY�

0RG��3K\V������������������
� ���<X�*�=GHVHQNR�� 5HY��0RG��3K\V��� ���� ���

�������
� ���*�$XGL��$�+�:DSVWUD��&�7KLEDXOW��1XFO��3K\V�

$������������������
� ���9�$�5RGLQ�� $�)DHVVOHU�� )�6LPNRYLF� HW� DO��

1XFO��3K\V��$�� ����� ���� �������� ����� ���
��������

� ���0�.RUWHODLQHQ�� -�6XKRQHQ�� 3K\V��5HY��&�� ���
���������������

� ���-�6XKRQHQ�� 0�.RUWHODLQHQ�� $,3� &RQI��3URF��
����������������

� ���9�,�7UHW\DN�� <X�*�=GHVHQNR�� $W��'DWD� 1XFO�
'DWD�7DEOHV����������������

� ���<X�*�=GHVHQNR��)�7�$YLJQRQH�,,,��9�%�%UXGDQLQ
HW�DO���$VWURSDUW��3K\V������������������

� ���$�1�$QQHQNRY�� 2�$�%X]DQRY�� )�$�'DQHYLFK
HW� DO��� 1XFO��,QVWU��0HWK��3K\V�� 5HV�� $�� ����
�����������

����9�%�0LNKDLOLN��+�.UDXV��'�:DKO�HW�DO���3K\V�
6WDWXV�6ROLGL��%�������5�����������

����)�$�'DQHYLFK�� <X�*�=GHVHQNR�� 9�1�.RXWV� HW
DO��� LQ�� $EVWU���WK� ,QW��:RUNVKRS� RQ� /RZ
7HPS��'HWHFWRUV��%HDWHQEHUJ�,QWHUODNHQ��6ZLW]HU�
ODQG�����$XJ�Ü��6HSW��������S����

����2�3�%DULQRYD� HW� DO��� $EVWU�� RI� 1DW��&RQI��RQ
&U\VWDO�*URZLQJ��1&&*��������0RVFRZ��2FWR�
EHU���Ü����������S�����

����-�.�%RKONH��-�5�'H/DHWHU��'H%LHYUH�HW�DO���-�
3K\V��&KHP��5HIHUHQFH�'DWD����������������

����3�%HOOL�� 5�%HUQDEHL�� 5�&HUXOOL� HW� DO��� 1XFO�
3K\V��$������������������

����3�%HOOL�� 5�%HUQDEHL�� )�&DSSHOOD� HW� DO��� 3K\V�
/HWW��%������������������

����6�3LUUR�� &�$UQDEROGL�� -�:�%HHPDQ� HW� DO��
1XFO��,QVWUXP��0HWK�3K\V�� 5HV�$�� ����� ���
��������

����$�$�3DYO\XN�� <D�9�9DVLOLHY�� /�<X�.KDU�
FKHQNR� HW� DO��� LQ�� 3URF��$VLD� 3DFLILF� 6RFLHW\
IRU�$GY��0DW��$36$0�������Ü���$SULO������
6KDQJKDL��3XEOLVKHG�LQ�-DSDQ�������S�����

����*�=LPPHUHU��5DGLDW��0HDV������������������
����,�9�.LWDHYD��9�1�.ROREDQRY��9�9�0LNKDLOLQ�HW

DO���LQ��3URF���WK�,QW��&RQI��RQ�,QRUJDQLF�6FLQ�
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WLOODWRUV� �6&,17� ������� $OXVKWD�� 8NUDLQH�
������S����

����'�6SDVVN\�� $�9DVLO�HY�� ,�.DPHQVNLNK� HW� DO��
3K\V��6WDW��6ROLGL�$���Ü�������������������

����6SDVVN\��6�,YDQRY��,�.LWDHYD�HW�DO���3K\V��6WDW�
6ROLGL��F�����������������

����9�%�0LNKDLOLN��+�.UDXV��'�:DKO�HW�DO���1XFO�
,QVWU��0HWK�3K\V�5HV��$�������������������

����;XH�/L�3LQJ�� /LQ� =KDQJ��+XDQJ�)HQJ� HW� DO��
&KLQHVH�-��6WUXFW��&KHP�������������������

����.D]XLH�.LPXUD��:DQ�+RQJ��3K\V��5HY��%�����
������������
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